A knowledge of the biological characteristics of carcinogen-induced hyperplastic nodules of rat liver may be important in the understanding of cancer development. Although its biological role remains to be elucidated, the level of microsomal epoxide hydrase (epoxide hydrolase, EC 3.3.2.3) is 5-to 7-fold greater in hyperplastic nodules induced by feeding the hepatocarcinogen 2-acetylaminofluorene than in liver of control rats. After removal of the carcinogen from the diet, the high level of the enzyme is maintained in those nodules that persist and in the hepatocellular carcinomas that subsequently develop. The availability of antibody to the epoxide hydrase made it possible to use electron microscopic immunocytochemistry to localize this enzyme in the cells of hyperplastic nodules. The immunocytochemical procedure provides direct visual evidence for the presence of this enzyme in smooth endoplasmic reticulum and also in rough endoplasmic reticulum (including the nuclear envelope) of the nodule's parenchymal cells.
It is known that many chemical carcinogens are metabolized to reactive intermediates which combine with key macromolecules of cells (1, 2) . The possible roles of such metabolism by the microsomal monooxygenase system and epoxide hydrase (epoxide hydrolase, EC 3.3.2.3) during liver carcinogenesis have been discussed by Levin et al. (3, 4) . Levin et al. (5) have shown that chronic feeding of 2-acetylaminofluorene (2-AAF) results in a 5-to 7-fold increase in epoxide hydrase activity in hyperplastic nodulesO of rat liver. This increased level is maintained after removal of the carcinogen from the diet, in the nodules and in the hepatocellular carcinomas that develop subsequently.
MATERIALS AND METHODS
Rat liver microsomal epoxide hydrase was purified to apparent homogeneity by the procedure of Lu et al. (7) .
Antibody to purified epoxide hydrase was prepared by the method of Levin et al. (8) . The antibody was specific as judged by Ouchterlony double-diffusion analysis using purified epoxide hydrase and detergent-solubilized rat liver microsomes.
Fab fragments were prepared essentially by the methods of Porter (9) from sheep anti-rat nonspecific IgG and sheep antirat epoxide hydrase. Horseradish peroxidase (RHP) (grade 1, Boehringer Mannheim), was coupled to the Fab fragments by the method of Avrameas and Ternynck (10) .
The hyperplastic nodules were produced in male SpragueDawley rats by feeding four cycles of 2-AAF according to the regimen of Stout and Becker (11), followed by 4 weeks on the control diet. At this time, most nodules present in the liver would be expected to persist.
The rats were anesthetized by ether, and the liver was perfused via the portal vein, at a flow rate of 8 ml/min, for 2 min with cold (40C) isotonic saline and for 15 min with a cold fixative patterned after that of Karnovsky (12) . The fixative contained 4% formaldehyde (freshly prepared from paraformaldehyde), 0.05% glutaraldehyde in 0.1 M phosphate buffer at pH 7.4, bovine serum albumin at 10 mg/ml and 5% (wt/vol) sucrose. After 15 min, the hyperplastic nodules that could be cleanly separated from the liver were removed. Nonfrozen sections, approximately 15 gm thick, were prepared with a Vibratome (Oxford) and placed in cold 0.1 M phosphate, pH 7.4/5% sucrose. These sections were treated for 30 min with cold lysine (10 mg/ml) (13) in phosphate-buffered saline at pH 7.0. The sections were then exposed, for 20 hr at 4VC, to either control or specific medium. The control medium consisted of Fab fragments (130 Mg/ml) from nonspecific IgG coupled to peroxidase (100 Mug/ml), lysine (10 mg/ml), albumin (10 mg/ml), 0.1 M phosphate buffer buffer at pH 7.0, and 5% sucrose. The specific medium contained Fab fragments (124 /xg/ml) from antibody specific to epoxide hydrase coupled to peroxidase (90 ,ug/ml), lysine (10 mg/ml), albumin (10 mg/ml), 0.1 M phosphate buffer at pH 7.0, and 5% sucrose.
The sections were then rinsed three times in cold 0.1 M phosphate, pH 7.4/albumin/sucrose and three times in the same medium but without albumin. They were then postfixed in cold 2% glutaraldehyde in 0.1 M phosphate, pH 7.4/5% sucrose for 1 hr. The sections were rinsed consecutively in cold 0.1 M phosphate, pH 7.4/5% sucrose three times, and in 0.05 M Tris-HCl, pH 7.6/5% sucrose once in the cold and once at room temperature. The sections were incubated by ihe 3,3'-diaminobenzidine procedure of Graham and Karnovsky (14) in the presence of 5% sucrose at pH 7.6, at room temperature for 15 min. Then the sections were rinsed twice in 7.5% sucrose at room temperature and once in cold 7.5% sucrose. They were then fixed in cold 1% osmium tetroxide in 0.1 M phosphate, pH 7.4/5% sucrose for 1 hr. After two rinses in 7.5% sucrose, some sections were stained en bloc with uranyl actate (15, 16) . FurAbbreviations: AAF, 2-acetylaminofluorene; ER, endoplasmic reticulum. ¶ We use the older term "hyperplastic" rather than "neoplastic" recommended by Squire and Levitt (6) because there is insufficient evidence that all the nodules are neoplastic. 5207
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "ad- ther processing of the sections was as described elsewhere (17) . For electron microscopy, thin sections were cut with diamond knives, either through the depth of the section (Ffg."fjrallel to the section surface (Figs. 3 and 4) , and examined in the Philips 300 electron microscope.
As illustrated in Fig. 1 , Vibratome-cut sections were also examined by light microscopy.
RESULTS
Except for erythrocytes, which are diaminobenzidine-positive because of their hemoglobin (Fig. 1A) , no cells in the sections exposed to Fab fragments of nonspecific IgG coupled to peroxidase showed reactivity when examined by light microscopy (Fig. 1) or electron microscopy (Fig. 2) .
After exposure to peroxidase coupled to Fab fragments from epxoide hydrase antibody, all parenchymal cells of the nodule showed a generalized diaminobenzidine reactivity in the cytoplasm when examined by light microscopy (Fig. 1B) . Observation by electron microscopy of thin sections cut through the depth of the exposed sections and those cut parallel to the exposed surfaces provided confidence that the reagents penetrated to all structures of the examined areas. The nonparenchymal cells in the nodules always were negative (Figs. 3 and  4) . Within the parenchymal cells, mitochondria and peroxisomes-which are essentially similar to those of hepatocytes in fine structure-were always unreactive (Fig. 4) . Highly reactive were smooth endoplasmic reticulum (ER) and rough ER, the latter including its specialized area, the nuclear envelope (Figs. 3 and 4) . DISCUSSION As indicated above, it has been established that both the monooxygenase system and epoxide hydrase are present in microsome fractions obtained from homogenates of normal liver, from preneoplastic nodules of livers from rats fed a wide variety of carcinogens, and from the resulting hepatocellular carcinomas. Herein we report the visual demonstration of epoxide hydrase in either normal or transformed liver. It is evident now (19, 20) , could be demonstrated in the smooth ER but not in the rough ER. Levin et al. (5) reported recently that this antigen was identical with microsomal epoxide hydrase. Sharma et al. (21) subsequently reported the induction of two polypeptides (molecular weights 47,000 and 48,000) in 2-AAF-induced hyperplastic nodules. They suggested that one corresponds to epoxide hydrase as reported by Levin et al. (5) and the other may be a novel hemopolypeptide, possibly a form of cytochrome P-450.
Although the role, if any, of epoxide hydrase in the development of hepatocellular carcinoma is unclear at the present time, more detailed studies on the characterization and regulation of this enzyme may have implications for the early detection of preneoplastic changes in liver. The results reported herein may aid in focusing such studies. Now that the technical procedures have been developed, it will be of interest to determine whether the intracellular localizations of the enzyme are the same in normal rat hepatocytes as in the parenchymal cells of the hyperplastic nodules.
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